The Palomar Transient Factory (PTF) is a synoptic survey designed to explore the transient and variable sky in a wide variety of cadences. We use PTF observations of fields that were observed multiple times ( > ∼ 10) per night, for several nights, to find asteroids, construct their lightcurves and measure their rotation periods. Here we describe the pipeline we use to achieve these goals and present the results from the first four (overlapping) PTF fields analyzed as part of this program. These fields, which cover an area of 21 deg 2 , were observed on four nights with a cadence of ∼ 20 min. Our pipeline was able to detect 624 asteroids, of which 145 (≈ 20%) were previously unknown. We present high quality rotation periods for 88 main-belt asteroids and possible period or lower limit on the period for an additional 85 asteroids. For the remaining 451 asteroids, we present lower limits on their photometric amplitudes. Three of the asteroids have lightcurves that are characteristic of binary asteroids. We estimate that implementing our search for all existing high-cadence PTF data will provide rotation periods for about 10, 000 asteroids mainly in the magnitude range ≈ 14 to ≈ 20.
INTRODUCTION
We can use time-series photometry of asteroids and other types of minor planets to study a wide variety of their physical characteristics. The rotation period (spin) can be derived from periodicity in their lightcurves (e.g., Harris et al. 1989) ; the lightcurve structure and changes in their mean amplitude as a function of viewing angle allow us to reconstruct their shapes (e.g., Kaasalainen & Torppa 2001) ; and it provides a method to search for binary asteroids (e.g., Polishook et al. 2011) . In some cases, the presence of satellites allows the determination of the mass and/or density of the asteroids (e.g., Gnat & Sari 2010) . Furthermore, and most relevant to our work, statistics of asteroid rotation periods can be used to understand the physical mechanisms that shape their rotation periods -presumably, the two main mechanisms involved are collisions (Davis et al. 2002) and the thermal Yarkovsky-O'Keefe-Radzievskii-Paddack (YORP) effect (Rubincam 2000) .
To date, there are ≈ 3, 700 asteroids with published lightcurves and rotation periods (Warner et al. 2009 ). Rotation periods of asteroids are typically derived from multiple photometric observations of the same object taken on several nights. Significant contributions were made by amateur astronomers with modest equipment. In recent years, wide-field CCDs provide photometric measurements of many asteroids simultaneously, by dedicated surveys (e.g., Masiero et al. 2009; Polishook and Brosch 2009 ), or as part of multipurpose surveys, such as the Sloan Digital Sky Survey (SDSS; Ivezić et al. 2001; . Observations using 1-2 m class telescopes can deliver the rotation periods for ≈ 1 km-size main-belt asteroids. Such small asteroids are particularly interesting since the timescale of physical mechanisms, such as the YORP effect is relatively short, about 10 6 years (Rubincam 2000; Vokrouhlický &Čapek 2002) .
Herein we describe a pipeline designed to detect asteroids, construct their lightcurves and measure their rotation periods, in data obtained by the Palomar Transient Factory (PTF 10 ; Law et al. 2009; Rau et al. 2009 ). The PTF is an automated, wide-field survey aimed at a systematic exploration of the optical transient sky. Operating daily, the survey uses a camera with a 7.26 deg 2 field of view assembled on the 1.2-m Oschin telescope at Palomar Observatory (Rahmer et al. 2008 ). The camera is a mosaic of 11 CCDs, with pixel scale of 1.01 ′′ pix −1 (e.g., Figure 1 ). With an exposure time of 60 s the survey reaches a limiting magnitude of ∼ 21 mag with a median seeing of ≈ 2 ′′ . The two filters frequently used are Mould-R and SDSS-g'. The PTF survey samples the sky in a variety of cadences to match the scientific goals of different programs, such as the search for supernovae (e.g., Arcavi et al. 2010 ) and galactic variables (e.g. Levitan et al. 2011) . Part of the PTF time is used for high cadence observations, in which we obtain > ∼ 20 observations of the same field in a given night, and in some cases we repeat these high cadence observations on Table 1 ).
multiple nights.
This paper is organized as follows. In §2 we describe the PTF asteroid pipeline. §3 presents the observations analyzed in this study, while in §4 we give the results. Finally we conclude in §5.
important reasons: (i) the moving sources do not appear in the reference catalog; and (ii) the deep reference catalogue contains almost all of the stationary sources because faint static sources which are just at, or below, the level of the background noise for a specific image will co-ad to be detected in the reference image. Therefore, even if these stationary sources are detected in only a few of the individual images they will not be mistaken as moving sources.
The sources from each science image that do not appear in the reference catalog are considered as moving source candidates. However, a large fraction of these candidates are cosmic rays, artifacts or spurious detections. A significant part of the artifacts appear in halos around saturated stars and on pixels created by blooming. We identify these sources by their proximity to stars brighter than 11th mag (the Tycho-2 catalog is used as a reference; Høg et al. 2000) and reject them from the list of candidates.
Next, we associate moving source candidates which are detections of the same physical object -we call these "tracks". Tracks are constructed using the following algorithm: for the i-th candidate in the j-th image, the software searches for a second appearance in the j + 1 image (the images are sorted by time). The search radius is v max (t j+1 −t j ), where t j is the time of the j image and v max is the maximum speed specified by the user 13 . Here, we use v max = 0.25 ′′ s −1 . We note that it is possible to have more than one candidate within the search radius in the j + 1 image. Therefore, we treat each candidate source in the j + 1 image as a possible detection of the object in the sequence. For each such possible track we look for another source in the j + 2 image. The search is done by looking for a source around a position:
Here α and δ are the right ascension and the declination of the object, respectively, and the subscripts indicate the image index. The search radius, ∆R, around this location is:
where ∆α j+2 = ∆α 2 j+1 + ∆α 2 j+1 + ∆α 2
∆δ j+2 = ∆δ 2 j+1 + ∆δ 2 j+1 + ∆δ 2 j (t j+1 − t j ) 2 (t j+2 − t j+1 ) 2 .
Here ∆α and ∆δ are the astrometric errors 14 in the right ascension and declination, respectively. 2 ′′ is a constant 13 Main belt asteroids have typical angular speeds of ∼ 0.01 ′′ s −1 , while near-Earth asteroids can move at a rate of ∼ 0.1 ′′ s −1 and trans-Neptunian objects have a slow motion of order 0.001 ′′ s −1 .
14 The astrometric errors are taken from the square of the SExtractor parameters ERRX2W IN IM AGE and ERRY 2W IN IM AGE -Illustration of the track detection algorithm. All symbols are sources that do not appear in the reference image and, therefore, they are treated as moving source candidates. The three black-filled circles appear in the first image. The program searches for candidates in the second image within a radius determined by the user and marked here by empty circles. If a candidate is found in the second image (grey squares), we search for a candidate in the third image (empty diamonds). The search region in the third image (marked by dashed circles) is calculated by Eq. 3. In the case presented here only one asteroid will be detected by the code (i.e., bottom left).
matching radius added in order to avoid problems due to under-estimation of the astrometric errors and any deviations from linear motion of the objects. As a result, moving sources that have a total motion of less than 2 ′′ in the scanned set of images could not be detected. The search for additional sources associated with each possible track continues recursively on following images, until the moving source does not appear in the j + n image. In case a single source in the first image is branching to multiple possible tracks, our recursive algorithm calculates all the possible tracks and selects the longest track (i.e., the one that contains the greatest number of points) as the most likely track. The sources that belong to this most likely track are flagged as "associated with a track" and the algorithm keeps running on all the sources which are not associated with a track until it runs out of sources or until the sources that remain un-associated cannot be matched. For clarity, the algorithm is visually presented in Figure 2 . After scanning all the images, each track is fitted with a second-order polynomial in right ascension and declination using linear least squares, and the χ 2 and degrees of freedom for each fit are stored along with the track's properties.
Since the current version of the algorithm requires an asteroid to appear in successive images, it can identify multiple tracks that, in fact, belong to the same asteroid. This is possible when a moving source is not identified in one of the epochs and this may happen, for example, when the asteroid is blended with a star, or if its signal-to-noise ratio (SNR) is too low in a specific image. Therefore, next we try to merge all the tracks that belong to the same moving object. This is done by fitting the points of any pair of tracks that were observed in the same night, field and CCD to a second order polynomial. Tracks are merged if the χ 2 of the fit is less than a predefined value. Similarly, single "orphan" sources (i.e., sources that do not appear in the reference catalog and were rejected by the detection code in previous steps) are tested as additional points belonging to the detected tracks.
Some of the tracks, especially those containing a small number of points, or those that are very short (i.e., due to small angular speed) may be artifacts and not real astrophysical sources. Another type of false alarm is created by pixels on blooming columns of saturated bright stars that were not flagged by the code in a previous stage and are mistakenly considered as sources by SExtractor. These "objects" have a unique trajectory (i.e., a nearly north-to-south or south-to-north motion) and have similar right ascension values to stars brighter than ∼ 11 mag (here also we use the Tycho-2 catalog; Høg et al. 2000) . All the unknown detections not marked by the pipeline as false alarms are manually scanned to test their validity. While this manual scan is a simple and fast process, we wish to cancel this step by matching better thresholds to the data and make it completely automatic.
The data collected for each moving source include its position, time, angular velocity (projected into the image data), exposure parameters, χ 2 , number of degrees of freedom and instrumental magnitudes measured by SExtractor. Saving these values becomes handy for the remaining steps of the procedure. The detected moving sources are identified by the PyMPChecker webservice 15 . This tool provides asteroid positions around a sky and time coordinates. In addition, all the objects receive an internal PTF designation which is a running number in base 36 (digits + letters). The measured coordinates and photometry are reported to the Minor Planet Center 16 . Asteroids observed on different nights, fields and CCDs are combined into a single track. The identification of different sources as belonging to the same asteroid is done according to the designations of the known objects. If an object is unknown, we fit a second-order polynomial to all the possible track combinations and merge tracks which are consistent with being due to a single moving source. While this method of track merging is limited to data from successive nights, it is sufficient for our purpose of spin analysis.
Photometric calibration
In order to construct the best relative photometry lightcurve of each source we use a linear-least-squares minimization technique, in which we solve for the best zero-point normalization (per epoch), and the best "mean" flux density of each source that minimize the global scatter in all the lightcurves of stationary sources. Furthermore, using a set of linear constraints on the magnitudes of some of the reference stars, we simultaneously calibrate the magnitude to an absolute scale using the rband magnitude of SDSS stars (York et al. 2000) . This technique was introduced by Honeycutt (1992) , with some modifications and the simultaneous absolute calibration presented in Ofek et al. (2011b) . We note that PTF data routinely achieve relative photometry accuracy of as good as 3 mmag (e.g., van Eyken et al. 2011; Agüeros et al. 2011; Levitan et al. 2011 ).
15 http://dotastro.org/PyMPC/PyMPC/ 16 http://minorplanetcenter.net/ We perform the calibration process for each night and each CCD separately. However, some asteroids are visible on multiple nights and/or multiple CCDs. Therefore, the absolute photometric accuracy of SDSS magnitudes (20 mmag) and CCD diversity may introduce a small systematic offset between lightcurves of the same asteroid observed on multiple nights and/or multiple CCDs. We correct for these effects during the period fitting process described in §2.3.
Each moving source is saved with its instrumental magnitude and zero point, for each image. Following the photometric calibration step, the observing times are corrected for light-travel time and the calibrated magnitudes (R PTF ) are reduced to geocentric (r) and heliocentric (∆) distances of 1 AU using:
The mean calibrated magnitude ( R P T F ), phase angle (α), geocentric (r) and heliocentric (∆) distances of the detected asteroids are presented in Tables 2-Table 5 . This correction is done only for objects with known orbital parameters. We do not try to fit the data to a H-G system (i.e., the coefficients that describe the brightness decrease with increasing phase angle), since the phase angles of the observed asteroids change only slightly over the four-day observing period. Instead, we estimate the absolute magnitude H using a fixed G slope of 0.15 and using ):
where
2.3. Rotation period analysis In order to find the synodic rotation period of the asteroids, we fit a second-order Fourier series to each lightcurve of a merged track:
where B k and C k are the Fourier coefficients, P is the rotation period, M j is the photometric data at t j (after the reduction to absolute planetary magnitude; i.e., Eq. 6) and t 0 is an arbitrary epoch. As described in §2.2, photometric calibration is performed separately for each set of images taken at different nights and/or CCDs. Therefore, in order to improve the photometric calibration, we also fit in Equation 10 a constant value (Z s ) for each set of images, where a set (s) is defined as all the measurements taken on the same night, field and CCD. N s is the number of sets. For a given P, this yields a set of linear equations which is solved using least-squares minimization to obtain the free parameters. This calculation is performed for a set of trial frequencies ranging from the Nyquist frequency to one over the total time span of the lightcurve, and in steps of 0.25 divided by the time span of the lightcurve (i.e., over-sampling of 4). The typical trial periods range from about 20 minutes to about 80 hours, which cover the rotation periods of most asteroids (e.g., Pravec and Harris 2000) . The frequency with the minimal χ 2 is chosen as the most likely period. The error in the best-fit frequency is determined by the range of periods with χ 2 smaller than the minimum χ 2 + ∆χ 2 , where ∆χ 2 is calculated from the inverse χ 2 distribution assuming 1 + 2N k + N s degrees of freedom. The code automatically rejects cases in which there are multiple solutions; cases where the best match is at the edge of the tested period range; or if only a few measurements exist (i.e., < 8 data points). All the other matches are manually scanned to test the validity of their period and folded lightcurve. Lightcurves which show two peaks with photometric errors that are smaller than the lightcurve amplitude and features repeating during different nights are considered as good quality lightcurves for which a periodicity can be derived. Poor results include cases where the lightcurve is folded on the photometric noise, giving usually short periods of around 20-30 minutes, which is the approximate sampling rate.
The folded lightcurves receive a reliability code based on the definitions of Warner et al. (2009) , which are: '3' for a highly reliable result with full lightcurve coverage; '2' for an ambiguous result based on less than full coverage hence the result may be wrong by an integer ratio; and '1' for periods that are based on fragmentary or noisy lightcurves that may be completely wrong. Only periods with a reliability code of 2 or 3 are used in statistical studies of asteroid rotations. Lightcurves that contain fragmentary data with no repeating features cannot be folded. However, some of these can be used to set lower limits on the rotation periods. These limits are determined from data that show a continuous and convincing magnitude variability (the amplitude is larger than the photometric error) from a single night/CCD set that is the longest in time.
We give lower limits on the amplitude of the lightcurves of all detected asteroids. This amplitude is based on 90% of the magnitude range, ∆m, centered on the range median (i.e., rejecting the upper and lower 5% of the data). This is done to avoid photometric measurements which are contaminated by nearby sources or artifacts. Since data from different night/CCD sets might have small differences in their photometric calibration, we calculate the amplitude, A min , separately for each night/CCD set using:
where δm is the average photometric error. We list the median value from all the sets as the lower limit on the amplitude. We note that lightcurves with low limits on the amplitudes belong to asteroids that rotate slowly or asteroids with a nearly circular projected shape.
Caveats and future improvements
The current algorithm misses some of the fainter asteroids. This is demonstrated in Figure 3 where the peak of the magnitude distribution of the detected asteroids is at brighter magnitudes than the PTF detection limit. We are able to find more moving sources, which our search algorithm failed to find, using image blinking. One of the disadvantages of the current algorithm is that, unlike MOPS-like algorithms (e.g., Grav et al. 2011) , it is not searching for tracks in all possible combinations of images and that it requires the object to appear in at least three successive images.
This disadvantage is not critical for the main application presented in this paper -rotation period measurements. This is because good photometry is available only for sources which are about one magnitude brighter than the detection limit. Such sources are rarely missed by our algorithm.
OBSERVATIONS
We analyze PTF R-band images of four fields observed on four consecutive nights. The PTF field numbers as well as the observing dates are listed in Table 1 . The four fields partially overlap (see Figure 4) and cover a total area of 21 deg 2 . The footprints of these fields cover ecliptic latitudes between −0.75 deg and +2.5 deg. Table 1 also lists the total number of exposures taken on each night and the time duration of the observing period for acquiring each set of exposures for a given night and field. The seeing in the images ranged between 2.1 ′′ to 2.5 ′′ . We note that the observed fields are centered on the open cluster M44, and are also used by Agüeros et al. (2011) to study the mass-period relation of late-K to mid-M stars.
4. RESULTS 4.1. Detected asteroids We use the aforementioned asteroid pipeline to analyze the small set of PTF observations listed in Table 1 . Running the algorithm described in §2.1 we found 624 asteroids of which 145 were not yet designated by the Minor Planet Center web service. Figure 4 shows the tracks of all 624 detected asteroids within the field of view. Table 6 lists all of the measurements taken for the 624 objects. The 145 unknown asteroids are fainter than 18.8 mag. The magnitude distribution, presented in Figure 3 , shows that more than a third of the asteroids with magnitude between 20 to 21 had not yet been discovered, while most (91%) of the asteroids brighter than 20 are known.
The observed asteroids are located throughout the entire main-belt of asteroids, and spread out to about 4 AU. A few members of the Hungaria group were also detected. 
where Pv is the geometric albedo and H is the absolute magnitude defined as the brightness of an asteroid at opposition with heliocentric and geocentric distances at 1 AU. The estimated error of the diameters is less than a factor of two, based on a statistical error of 0.12 for G (Lagerkvist & Magnusson 1990 ) and 0.1 for the albedo. that the PTF survey can detect asteroids with diameters of hundreds of meters within the inner main-belt (a < 2.5 AU), and 1-km size bodies in the outer main-belt.
Derived rotation periods
We were able to derive the rotation periods for 88 asteroids, with high reliability (codes 2 and 3), and, heretofore, none of these have a published lightcurve. The folded lightcurves are presented in Figures 6−9. The lightcurves of 85 objects with possible rotation periods and limits on the rotation period are presented in Figures 10 and 11, respectively. Four of these objects have published spin values, all are larger than the limit on the spin we present here 19 . The rotation periods and amplitudes with high reliability for 88 asteroids are sum- Note.
-FIELD ID is a unique number representing PTF fields. Nexp is the number of exposures per night and field, and ∆t is the duration of time spanned by each set of observations, in hours. All observations were taken on 2010 Diameter [km] no rotation U=1, limit U=2, 3
Fig. 5.-The estimated diameters of the known observed asteroids as a function of their semi-major axis (a). Main-belt asteroids as small as 600 m are seen in this sample. A few bodies from the Hungaria group can be seen at a < 2 AU . The gap at a = 2.5 AU is the 1:3 Kirkwood gap. marized in Table 2 . The possible rotation periods of 18 asteroids are shown in Table 3 , while the lower limits on the rotation periods of 67 asteroids are listed in Table 4 . We also provide lower limits on the amplitude of the rest of the detected asteroids in Table 5 .
Since most of the asteroids were observed during all four nights, where the total time span between the first and the last images taken was about 80 hours, this gives us an opportunity to detect rotations as slow as tens of hours. Since the field of view was observed during the entire night over the course of four consecutive nights, most asteroids in our survey were observed for a total of about 32 hours (Table 1) . Some of the asteroids were observed for shorter times due to poor weather conditions (especially on February 12) or because they were not within the field footprints in all four nights.
Among the lightcurves, three have features that are common among binary asteroids (Pravec et al. 2006) . These features are deep V-shaped minima and wide inverted-U-shaped maxima. The deep V-shaped minima presumably represent a mutual event of eclipse or occultation between the primary and the secondary components. The three asteroids associated with the three aforementioned lightcurves are (17293) (Figure 9 ). We note that there are some inconsistencies in the shape of the lightcurve of (17293) 2743 P-L as seen on different nights. If our estimated period is valid, then this may be the result of a nonspherical shape of one of the rotating components imposed on the brightness attenuation from the mutual event. The binary nature of these three objects should be confirmed with follow-up observations. If the features in these lightcurves are indeed due to mutual events of binary asteroids, then the periods reported here are the orbital periods of the components about their center of mass, and the minima depth represents the approximate ratio between the diameters of the components.
SUMMARY AND FUTURE PROSPECTS
We present a pipeline that finds asteroids, constructs their lightcurves, and measures their rotation periods using images acquired by the PTF survey. We demonstrate our pipeline performance using a small sample of PTF data consisting of observations of about 21 deg 2 obtained over four nights with a cadence of ∼ 20 min. Within these images, we find 624 asteroids, of which 145 ( ∼ = 20%) were previously unknown. This shows that PTF is an efficient survey for studying known, as well as unknown asteroids. Among the new discoveries, many are small, km-sized, objects. These may reveal the orbits of physically interesting objects such as small members of dynamical families (Bendjoya & Zappalá 2002) and secondary members of rotationally-disintegrated objects (known as asteroid pairs; Vokrouhlický & Nesvorný 2008) .
We obtain from our analysis high quality rotation periods for 88 main-belt asteroids and additional possible periods for 85 other asteroids. Based on the ecliptic latitude distribution of PTF high-cadence observations and our success rate in measuring asteroid periodicities, we roughly estimate that PTF can measure the rotation periods for about 10, 000 asteroids. This large sample could be used to study the effects of different physical mechanisms on the spin evolution of asteroids. These mechanisms, such as collisions, the thermal YORP effect and tidal forces that follow planetary encounters, leave different signatures on the spin distribution of asteroids. For example, collisions generate a Maxwellian spin-rate distribution, as can be seen for large asteroids (>40 km; Pravec and Harris 2000) , while the YORP effect creates a flatter spin-rate distribution (Pravec et al. 2008) . A large PTF sample of asteroid rotation periods also could be used to compare the rotations of asteroids in different size groups and dynamical families (e.g., Polishook and Brosch 2009) , and to track the rotational history of components ejected from rotationally-disintegrated asteroids (Pravec et al. 2010) .
Dust and gas ejection from minor planets can be the result of cometary activity or a collisional event. Such objects can be detected as moving sources, with a signature extended point-spread function. The large sample of asteroids visible in PTF images is being used to search for gas and dust around minor planets and to probe their ice content, as well as to study the dynamical history of the main belt (Waszczak, Ofek & Polishook 2011; Waszczak et al., in prep.) .
PTF photometry is calibrated to a precision of better than 0.04 magnitudes, even outside SDSS footprints (Ofek et al. 2011a ) and it provides accurate magnitudes of asteroids in the visible range. Therefore, PTF data could be combined with the archive of NASA's Widefield Infrared Survey Explorer (WISE) telescope. During nine months of full cryogenic operations, the WISE telescope observed about 200,000 asteroids in the near-IR (Mainzer et al. 2010 ); most of these lack accurate absolute magnitudes in visible wavelengths (Masiero et al. 2011) . Therefore, the two data sets combined could improve the size measurements for a significant number of asteroids.
Binary asteroids are difficult to identify because eclipses/occultations repeat themselves only after long periods (tens of hours) and last for short times. Our survey can find a large number of binary asteroids through the detection of eclipses and occultations. This can provide the statistics on binary asteroids as a function of their physical parameters. It is estimated that approximately 16% of near-Earth asteroids are binaries (Margot et al. 2002) . Applying this ratio to main-belt asteroids, and assuming that eclipses/occultations can be detected during 10% to 30% of the orbital period (Pravec et al. 2006) , it can be estimated that out of ≈ 100 asteroids measured photometrically by the PTF, between 2 and 5 objects will register an eclipse or an occultation. This ratio is supported by our findings of three binary candidates. Enlarging the sample could determine the number of binaries among main-belt asteroids. This has important implications because any difference between the fraction of binaries among main-belt asteroids and nearEarth asteroids can constrain binary formation mechanisms and their dependencies on the asteroid environment.
The photometry of asteroids measured by PTF could also be used to derive asteroid shapes and rotational states (sidereal period and spin axis). This is done by the lightcurve inversion method that uses brightness measurements obtained over a wide range of viewing geometries during a few apparitions to build a complete model of the asteroid (e.g., Kaasalainen and Torppa 2001, Hanuš et al. 2011 ). PTF will revisit many asteroids during a few apparitions, and so the lightcurve inversion method could be applied to a large sample of small-sized asteroids, thus contributing to the study of asteroid spins and shapes.
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-Columns: asteroids' designations, number of nights, number of images, geocentric (r) and heliocentric (∆) distances, phase angle (α), rotation periods, period's reliability code, lightcurve amplitude, mean magnitude, semi-major axis. a A possible binary asteroid. The period is probably the orbital period of the satellite. 
The period is probably the orbital period of the satellite. 
Note. -Columns like Table 2 . a A possible binary asteroid. The period is probably the orbital period of the satellite. Note. -Columns: asteroids' designations, number of nights, number of images, geocentric (r) and heliocentric (∆) distances, phase angle (α), limit on the rotation period, lightcurve amplitude, mean magnitude, semi-major axis. This table is published in its entirety in the electronic edition of MNRAS. A portion of the full table is shown here for guidance regarding its form and content. (17293) 2743 We only present data that show a continuous and convincing magnitude variability (the amplitude is larger than the photometric error) from a single night/CCD set that is the longest in time. See Fig. 6 for symbols description. This figure is published in its entirety in the electronic edition of MNRAS. A portion of the full figure is shown here for guidance regarding its form and content. 
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